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FOREWORD

In 1920, the American Engineering Standards Committee [later the American Standards Associations (ASA) and
currently the American National Standards Institute (ANSI)] organized Sectional Committee B16 to unify and
further develop standards for pipe flanges and fittings (and later for valves and gaskets). Cosponsors of the B16
Committee were The American Society of Mechanical Engineers (ASME), the Heating and Piping Contractors National
Association [now Mechanical Contractors Association of America (MCAA)], and the Manufacturers Standardization
Society of the Valves and Fittings Industry (MSS). Cosponsors were later designated as cosecretariat organizations.

The Committee soon recognized the need for standardization of steel pipe flanges. In May 1923, Subcommittee 3 was
organized to develop such standards for pressures in the 250-psi to 3,200-psi range and for elevated temperatures. Active
work began in October, including on steel flanged fittings. The first proposed standard was submitted to the Committee in
April 1926 and approved by letter ballot in December. After favorable review by the three sponsor organizations, the
Standard was approved as American Tentative Standard B16e in June 1927.

Experience in using the Standard showed the need for hub dimensions of companion flanges and for other changes,
including rerating of 250-1b and 1,350-1b flanges and development of flanged fittings with integral bases. An investigation
was made into the factors determining stiffness of flanges and flange hubs. The revised edition was approved as ASA Bl 6e-
1932.

A revision was initiated in 1936, stimulated by suggestions from Committee members and industrial users. The
resulting 1939 edition contained standards for welding neck flanges (completed in March 1937), 1,500-1b flanges
in the 14-in. through 24-in. range, 2,500-1b flanges and flanged fittings in the “-in. through 12-in. range, and dimensions
for a full line of ring joint flanges developed by the American Petroleum Institute. Pressure-temperature ratings for alloy
steel flanges and fittings, developed by Subcommittee 4, were included for the first time.

In August 1942, the War Production Board requested a review of measures to conserve vital materials in piping
components. A special War Committee of B16 was appointed and, operating under War Standard Procedure, developed
revised pressure-temperature ratings for all materials and pressure classes. The ratings were published as American War
Standard B16e5-1943.1n 1945, under normal procedures, Subcommittees 3 and 4 reviewed the 1939 standard and 1943
ratings and recommended adoption of the wartime ratings. Their report was approved as Supplement No. 1 to B16e-1939
and published as ASA B16e6-1949. In addition to ratings, the supplement updated material specification references and
added a table of metal wall thickness for welding-end valves.

Subcommittee 3 then began a revision of the entire standard. Technically, the 1949 Supplement was absorbed, new
materials were recognized, a general rating method was developed and added as an appendix, and welding end prepara-
tions were expanded. Editorially, a new style of presentation was worked out, including tables rearranged for easier use.
Approval by Sectional Committee, cosponsors, and ASA resulted in the publication of ASA B16.5-1953 (designation
changed from Blé6e).

Work soon began on further revisions. Class B ratings were deleted, and Class A ratings were clarified as the standard.
An appendix defined qualifications for gaskets, other than ring joint, which would merit the ratings. Another appendix
defined the method for calculating bolt lengths, including the measurement of stud bolt length between thread ends
instead of points. Pressure-temperature ratings for several new materials were added, the table of welding end dimen-
sions was expanded, and the temperatures used in determining ratings were redefined. The resulting new edition, after
approval, was published as ASA B16.5-1957.

The more modest revision approved as ASA B16.5-1961 changed the text to clarify the intent or to make requirements
easier to administer. The next revision began in 1963 with nearly 100 comments and suggestions. No fundamental
changes were made, but the text was further clarified, and wall thicknesses less than Y/ in. for flanged fittings
were recognized in the 1968 edition.

A new joint study of ratings between Subcommittees 3 and 4 was initiated before the next revision. Based on the
Subcommittee 4 report, the rating procedure was revised, and arating basis for Class 150 (150-1b) flanges was developed.
New product forms, bar and plate, were added for special applications, including fabricated flanged valves and fittings.
Reference to welding-end valves was not included, because a separate standard for them was planned. Bolt length
calculations based on worst case tolerances led to a revision of tabulated lengths. Testing of valves subsequently

published by Subcommittee 15 closure members was added to the test requirements. Following final approval on
October 23, the Standard was published as ANSI B16.5-1973.
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CORRESPONDENCE WITH THE B16 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing
revisions or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, B16 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear necessary
or desirable, as demonstrated by the experience gained from the application of the Standard. Approved revisions will be
published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as possible,
citing the paragraph number(s), the proposed wording, and a detailed description of the reasons for the proposal,
including any pertinent documentation.

Proposing a Case. Cases may be issued to provide alternative rules when justified, to permit early implementation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effective
immediately upon ASME approval and shall be posted on the ASME Committee web page.

Requests for Cases shall provide a Statement of Need and Background Information. The request should identify the
Standard and the paragraph, figure, or table number(s), and be written as a Question and Reply in the same format as
existing Cases. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the proposed
Case applies.

Interpretations. Upon request, the B16 Standards Committee will render an interpretation of any requirement of the
Standard. Interpretations can only be rendered in response to a written request sent to the Secretary of the B16 Standards
Committee,

Requests for interpretation should preferably be submitted through the online Interpretation Submittal Form. The
form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will receive an
automatic e-mail confirming receipt.

[f the Inquirer is unable to use the online form, he /she may e-mail the request to the Secretary of the B16 Standards
Committee at SecretaryBl6@asme.org, or mail it to the above address. The request for an interpretation should be clear
and unambiguous. It is further recommended that the Inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.
Edition: Cite the applicable edition of the Standard for which the interpretation is being requested.
Question: Phrase the question as a request for an interpretation of a specific requirement suitable for

general understanding and use, not as a request for an approval of a proprietary design or
situation. Please provide a condensed and precise question, composed in such a way that a
“ves” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.

X1



Requests that are not in the format described above will be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

Attending Committee Meetings. The B16 Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secretary of the B16 Standards Committee.
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Record Number

LIST OF CHANGES IN RECORD NUMBER ORDER

Change

11-539
11-540

14-2169

14-2172

18-578

18-808

18-2734

18-2777

19-520

19-917

19-918

19-1820

19-2978

20-887

20-983

Revised para. 2.8.3 to clarify “B” dimension.

Revised Table 1.1-1 (former Table 1A); added materials to Tables 2-3.1, 2-3.6, 2-3.10,
2-3.12, and 2-3.15.

Revised reference in para. 5.3.4 to include Nonmandatory Appendix B.

Deleted the 1:3 max. slope and the 45-deg max. angle; set a maximum limit for the straight
turn; revised values between SI and U.S. Customary units; added a taper (0 deg to 7 deg)
for the straight turn; revised General Note (e) for Figures 7 and 8.

Added acolumn in Tables 3 and 3C (former Table II-3) to clarify the requirements between
maximum depth and maximum radial projection.

Added paras. 1.10 and 4.2.9 to describe B16 Cases and their uses; revised titles of section 1
and para. 1.1.

Added Nonmandatory Appendix F; revised para. 1.6 to reference Nonmandatory
Appendix F.

Revised Tables 1.1-1 (former Table 1-A), 2-3.11,and 2-3.11C (former Table II-2-3.11), and
Mandatory Appendix Il (former Mandatory Appendix III).

Revised paras. 6.4,6.4.3.2,7.2,7.3,7.4,7.5,7.5.2,7.6,7.7.1,and 7.7.2; Figures 6, 11, and 13;
and Tables 3 through 22 to align metric dimension with the published U.S. Customary
dimension in former Mandatory Appendix I

Revised Tables 5C, 6C, 9C, and 12C (former Tables II-5, 1I-6, 1I-9, and I1-12).

Revised paras. 6.7, 6.7.1, 6.7.2, and 6.7.3 to clarify text references to Figures 7 and 8;
revised titles of Figures 7 and 8.

Revised references in para. 6.9.1.

Added para. 4.2.2(e) to indicate that when a manufacturer marks a product with the ASTM
designation, it is certifying that the material meets all the requirements of the
specification marked, including heat treatment.

Revised Tables 1.1-1 (former Table 1A), 2-1.15, and 2-1.15C (former Table II-2-1.15) to
include a new ASTM nomenclature material, A182 F91 Type 1, to replace A182 F91.

Revised Mandatory Appendix Il (former Mandatory Appendix III) to include ASTM
Specifications A993, B163, B167, and B407.

XVI1










































(20)

(20)

ASME B16.5-2020

7.5.4 Hub Thickness. Despite the tolerances specified
for dimensions 4 and B, the thickness of the hub at the
welding end shall not be less than 87'4,% of the
nominal thickness of the pipe, having an under-tolerance
of 12.5% for the pipe wall thickness to which the flange is
to be attached or the minimum wall thickness as specified
by the purchaser.

7.6 Length Through Hub on Welding Neck Flanges

The required tolerances for the length through hubs on
welding neck flanges are as follows:

Size Tolerance, mm (in.)
NPS < 4 +1.5 (+0.06)
5 < NPS <10 +1.5, -3.0 (+0.06, -0.12)
NPS = 12 +3.0, -5.0 (+0.12, -0.20)

7.7 Flange Bore Diameter

7.7.1 Lapped and Slip-On Flange Bores. The required
tolerances for lapped and slip-on flange bore diameters
are as follows:

Size Tolerance, mm (in.)
NPS < 10 +1.0, -0.0 (+0.04, -0.0)
NPS = 12 +1.5, -0.0 (+0.06, -0.0)

7.7.2 Counterbores, Threaded Flanges. The required
tolerances for threaded flange counterbores are as
follows:

Size Tolerance, mm (in.)
NPS < 10 +1.0, -0.0 (+0.04, -0.0)
NPS = 12 +1.5, -0.0 (+0.06, -0.0)

7.7.3 Counterbores, Socket Welding Flanges. The
required tolerance for socket end counterbores is as
follows:

Tolerance, mm (in.)
+(0.25 (+x0.010)

Size
Y, < NPS <3

7.8 Drilling and Facing

7.8.1 Bolt Circle Diameter. The required tolerance for
all bolt circle diameters is as follows:

+1.5mm (+0.06 in.)

7.8.2 Bolt Hole to Bolt Hole. The required tolerance
for the center-to-center of adjacent bolt holes is as follows:

+0.8 mm (+0.03 in.)

14

7.8.3 Bolt Circle Concentricity. The required toler-
ances for concentricity between the flange bolt circle
diameter and machine facing diameters are as follows:

Size Tolerance, mm (in.)
NPS < 2%, 0.8 (0.03)
NPS = 3 1.5 (0.06)

8 PRESSURE TESTING

8.1 Flange Test

Flanges are not required to be pressure tested.

8.2 Flanged Fitting Test

8.2.1 Shell Pressure Test. Each flanged fitting shall be
given a shell pressure test.

8.2.2 Test Conditions. The shell pressure test for
flanged fittings shall be at a pressure no less than 1.5
times the 38°C (100°F) pressure rating rounded off to
the next higher 1 bar (25 psi) increment.

8.2.3 Test Fluid. The pressure test shall be made using
water, which may contain a corrosion inhibitor or kero-
sene as the test fluid. Other suitable test fluids may be used
provided their viscosity is no greater than that of water.
The test fluid temperature shall not exceed 50°C (125°F).

8.2.4 Test Duration. The test duration shall be as

follows:
Fitting Size Duration, sec
NPS < 2 60
2", < NPS < 8 120
NPS = 10 180

8.2.5 Acceptance. No visible leakage is permitted
through the pressure boundary wall.
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Table 5 Dimensions of Ring Joint Facings (All Pressure Rating Classes)

13 14 15 16 17 18 19 20 21 22 23 24
Diameter of Raised Portion, K Approximate Distance Between Flanges
Class
Class 300 Class Class Class Class Class Class Class Class Class Class
150 400 600 900 1500 2500 150 300 400 600 900 1500 2500
51.0 3 3
60.5 g
63.5 65.0 4 1 4
66.5 4
63.5 4
69.8 71.4 73.2 4 4 4 4
73.2 4
79.2 81.0 82.6 4 4 4 4
82.6 4
90.4 91.9 4 4 4
102 3
102 4
108 114 6 5 3
124 3
121 4
127 133 6 5 3
137 3
149 3
133 gt
146 155 6 5 =
168 3
154 4
159 6 5
168 3
171 4
175 181 6 6 5 4
203 4
194 3
194 !
210 216 6 6 5 4
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Table 5 Dimensions of Ring Joint Facings (All Pressure Rating Classes) (Cont’d)

13 14 15 16 17 18 19 20 21 22 23 24

Diameter of Raised Portion, K Approximate Distance Between Flanges

Class
Class 300 Class Class Class Class Class Class Class Class Class Class
150 400 600 900 1500 2500 150 300 400 600 900 1500 2500

241 4
219 4
229 3
241 241 6 6 5 4

248 3
279 4
273 4 : : : :
302 308 6 6 5 4
318 4

340 5
330 4 .
356 362 6 6 5 4

371 4

425 6

406 4
413 419 6 6 5 4
495 8
457 6 6 5
467 4
483 3
508 6 6 5
524 4 ,
546 3
575 6 6 5
594 5

613 8
597 3
635 6 6 5
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Table 5C Dimensions of Ring Joint Facings (ALl Pressure Rating Classes)

13 14 15 16 17 18 19 20 21 22 23 24

Diameter of Raised Portion, K Approximate Distance Between Flanges

Class
300

Class 400 Class Class Class Class Class Class Class Class Class Class
150 600 900 1500 2500 150 300 400 600 900 1500 2500

2.00 0.12 0.12
2.38 0.16
2.50 2.56 0.16 0.16 0.16
2.62 0.16
2.50 0.16

2.75 2.81 2.88 0.16 0.16 0.16 0.16
2.88 0.16
3.12 3.19 3.25 0.16 0.16 0.16 0.16
3.25 0.16

3.56 3.62 0.16 0.16 0.16

4.00 0.12

4.00 0.16
4.25 4.50 0.22 0.19 0.12

4.88 0.12

4.75 0.16

5.00 5.25 0.22 0.19 0.12
5.38 0.12
5.88 0.12
5.25 0.16

5.75 6.12 0.22 0.19 0.16
. 6.62 0.12
6.06 0.16
6.25 0.22 0.19
6.62 0.12

6.75 0.16
6.88 7.12 0.22 0.22 0.19 0.16
8.00 0.16
7.62 0.12
7.62 0.16

8.25 8.50 0.22 0.22 0.19 0.16
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Table 5C Dimensions of Ring Joint Facings (All Pressure Rating Classes) (Cont’d)

13 14 15 16 17 18 19 20 21 22 23 24
Diameter of Raised Portion, K Approximate Distance Between Flanges
Class
300
Class 400 Class Class Class Class Class Class Class Class Class Class
150 600 900 1500 2500 150 300 400 600 900 1500 2500
9.50 0.16
8.62 0.16
9.00 0.12
9.50 9.50 0.22 0.22 0.19 0.16
9.75 0.12
11.00 0.16
10.75 0.16
11.88 12.12 0.22 0.22 0.19 0.16
12.50 0.16
13.38 0.19
13.00 0.16
14.00 14.25 0.22 0.22 0.19 0.16
14.62 0.16
16.75 0.25
16.00 0.16
16.25 16.50 0.22 0.22 0.19 0.16
17.25 0.19
16.75 0.12
19.50 0.31
18.00 0.22 0.22 0.19
18.38 0.16
19.25 0.22
19.00 0.12
20.00 0.22 0.22 0.19
20.62 0.16
21.50 0.31
21.50 0.12
22.62 0.22 0.22 0.19
23.38 0.19
24,12 0.31
23.50 0.12
25.00 0.22 0.22 0.19
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Table 5C Dimensions of Ring Joint Facings (All Pressure Rating Classes) (Cont’d)

13 14 15 16 17 18 19 20 21 22 23 24
Diameter of Raised Portion, K Approximate Distance Between Flanges
Class
300
Class 400 Class Class Class Class Class Class Class Class Class Class
150 600 900 1500 2500 150 300 400 600 900 1500 2500
25.50 0.19
26.50 0.38
25.50 0.12
27.00 0.25 0.25 0.22
28.00 0.12
29.50 0.25 0.25 0.22
30.38 0.22
31.25 0.44
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MANDATORY APPENDIX II
REFERENCES

The following is a list of standards and specifications
referenced in this Standard. Products covered by each
ASTM specification are listed for convenience. For
ASME Codes and Standards referenced hereunder, up
to and including the latest published edition in effect
at the time this edition of this Standard is specified,
may be used. (See specifications for exact titles and
detailed contents.) Materials manufactured to other
editions of the referenced ASTM specifications may be
used to manufacture flanges and flanged fittings
meeting the requirements of this Standard as long as
the flange/fitting manufacturer verifies that the material
meets the requirements of the referenced edition of the
ASTM specification.

ASME B1.1, Unified Inch Screw Threads (UN and UNR
Thread Form)

ASME B1.20.1, Pipe Threads, General Purpose (Inch)

ASME B16.20, Metallic Gaskets for Pipe Flanges: Ring-
Joint, Spiral-Wound, and Jacketed

ASME B16.21, Nonmetallic Flat Gaskets for Pipe Flanges

ASME B16.25, Buttwelding Ends

ASME B16.34, Valves — Flanged, Threaded, and Welding
End

ASME B18.2.1, Square and Hex Bolts and Screws (Inch
Series)

ASME B18.2.2, Square and Hex Nuts (Inch Series)

ASME B18.31.2, Continuous Thread Stud, Double-End
Stud, and Flange Bolting Stud (Stud Bolt) (Inch Series)

ASME B36.10M, Welded and Seamless Wrought Steel Pipe

ASME B46.1, Surface Texture (Surface Roughness, Wavi-
ness, and Lay)

ASME PCC-1, Guidelines for Pressure Boundary Bolted
Flange Joint Assembly

Section I, Power Boilers

Section II, Materials

Section III, Rules for Construction of Nuclear Facility
Components

Section VIII, Div. 1 and 2, Pressure Vessels

Section IX, Welding, Brazing, and Fusing Qualifications

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ASTM A105/A105M-18, Carbon Steel Forgings for Piping
Applications

191

ASTM A106/A106M-19a, Seamless Carbon Steel Pipe for
High-Temperature Service

ASTM A182/A182M-20, Forged or Rolled Alloy and Stain-
less Steel Pipe Flanges, Forged Fittings, and Valves and
Parts for High Temperature Service

ASTM A193/A193M-19, Alloy-Steel and Stainless Steel
Bolting for High-Temperature or High-Pressure
Service and Other Special Purpose Applications

ASTM A194/A194M-18, Carbon Steel, Alloy Steel, and
Stainless Steel Nuts for Bolts for High-Pressure and
High-Temperature Service, or Both

ASTM A203/A203M-17, Pressure Vessel Plates, Alloy
Steel, Nickel

ASTM A204/A204M-17, Pressure Vessel Plates, Alloy
Steel, Molybdenum

ASTM A216/A216M-18, Steel Castings, Carbon, Suitable
for Fusion Welding, for High-Temperature Service

ASTM A217/A217M-14, Steel Castings, Martensitic Stain-
less and Alloy, for Pressure Containing Parts, Suitable
for High-Temperature Service

ASTM A240/A240M-19, Chromium and Chromium-Nickel
Stainless Steel Plate, Sheet, and Strip for Pressure
Vessels and for General Applications

ASTM A307-14e1, Carbon Steel Bolts, Studs, and Threaded
Rod 60,000 psi Tensile Strength

ASTM A320/A320M-18, Alloy Steel and Stainless Steel
Bolting for Low-Temperature Service

ASTM A350/A350M-18, Carbon and Low-Alloy Steel
Forgings, Requiring Notch Toughness Testing for
Piping Components

ASTM A351/A351M-18e1l, Castings, Austenitic, for Pres-
sure-Containing Parts

ASTM A352/A352M-18a, Steel Castings, Ferritic and
Martensitic, for Pressure-Containing Parts, Suitable
for Low-Temperature Service

ASTM A354-17e2, Quenched and Tempered Alloy Steel
Bolts, Studs, and Other Externally Threaded Fasteners

ASTM A387/A387M-17a, Pressure Vessel Plates, Alloy
Steel, Chromium-Molybdenum

ASTM A449-14, Hex Cap Screws, Bolts and Studs, Steel,
Heat Treated, 120/105/90 ksi Minimum Tensile
Strength, General Use

ASTM A453/A453M-17, High-Temperature Bolting, with
Expansion Coefficients Comparable to Austenitic Stain-
less Steels
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ASTM A515/A515M-17, Pressure Vessel Plates, Carbon
Steel, for Intermediate- and Higher-Temperature
Service

ASTM A516/A516M-17, Pressure Vessel Plates, Carbon
Steel, For Moderate- and Lower-Temperature Service

ASTM A537/A537M-20, Pressure Vessel Plates, Heat-
Treated, Carbon-Manganese-Silicon Steel

ASTM A540/540M-15, Alloy-Steel Bolting Materials for
Special Applications

ASTM A995/A995M-19, Castings, Austenitic-Ferritic
(Duplex) Stainless Steel, for Pressure-Containing Parts

ASTM B127-19, Nickel-Copper Alloy Plate, Sheet, and Strip

ASTM B160-05 (2019), Nickel Rod and Bar

ASTM B162-99 (2019) , Nickel Plate, Sheet, and Strip

ASTM B163-19 , Seamless Nickel and Nickel Alloy
Condenser and Heat-Exchanger Tubes

ASTM B164-03 (2019), Nickel-Copper Alloy Rod, Bar, and
Wire

ASTM B166-19, Nickel-Chromium-Aluminum Alloy,
Nickel-Chromium-Iron Alloys, Nickel-Chromium-
Cobalt-Molybdenum Alloy, Nickel-Iron-Chromium-
Tungsten Alloy, and Nickel-Chromium-Molybdenum-
Copper Alloy Rod, Bar, and Wire

ASTM B168-19, Nickel-Chromium-Aluminum Alloys,
Nickel-Chromium-Iron Alloys, Nickel-Chromium-
Cobalt-Molybdenum Alloy, Nickel-Iron-Chromium-
Tungsten Alloy, and Nickel-Chromium-Molybdenum-
Copper Alloy Plate, Sheet, and Strip

ASTM B333-03 (2018), Nickel-Molybdenum Alloy Plate,
Sheet, and Strip

ASTM B335-18, Nickel-Molybdenum Alloy Rod

ASTM B407-08a (2019), Nickel-Iron-Chromium Alloy
Seamless Pipe and Tube

ASTM B408-06 (2016), Nickel-Iron-Chromium Alloy Rod
and Bar

ASTM B409-06 (2016), Nickel-Iron-Chromium Alloy,
Plate, Sheet, and Strip

ASTM B424-19e1, Nickel-Iron-Chromium-Molybdenum-
Copper Alloys Plate, Sheet, and Strip

ASTM B425-19 , Nickel-Iron-Chromium-Molybdenum-
Copper Alloys Rod and Bar

ASTM B434-06 (2016), Nickel-Molybdenum-Chromium-
Iron Alloys (UNS N10003, UNS N10242) Plate, Sheet,
and Strip

ASTM B435-06 (2016), UNS N06002, UNS N06230, UNS
N12160, and UNS R30556 Plate, Sheet, and Strip

ASTM B443-19 , Nickel-Chromium-Molybdenum-Colum-
bium Alloy and Nickel-Chromium-Molybdenum-Silicon
Alloy Plate, Sheet, and Strip

ASTM B446-19, Nickel-Chromium-Molybdenum-Colum-
bium Alloy (UNS N06625), Nickel-Chromium-Molyb-
denum-Silicon Alloy (UNS N06219), and Nickel-
Chromium-Molybdenum-Tungsten Alloy (UNS
N06650) Rod and Bar
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ASTM B462-18, Forged or Rolled Nickel Alloy Pipe
Flanges, Forged Fittings, and Valves and Parts for Corro-
sive High-Temperature Service

ASTM B463-10 (2016), UNS N08020 Alloy Plate, Sheet,
and Strip

ASTM B473-07 (2018), UNS N08020, UNS N08024, and
UNS N08026 Nickel Alloy Bar and Wire

ASTM B511/B511M-16 Nickel-Iron-Chromium-Silicon
Alloy Bars and Shapes

ASTM B536-19, Nickel-Iron-Chromium-Silicon Alloy
Plate, Sheet, and Strip

ASTM B564-19, Nickel Alloy Forgings

ASTM B572-06 (2016), UNS NO6002, UNS N06230, UNS
N12160, and UNS R30556 Rod

ASTM B573-06 (2016), Nickel-Molybdenum-Chromium-
[ron Alloy (UNS N10003, N10242) Rod

ASTM B574-18, Low-Carbon Nickel-Chromium-Molyb-
denum, Low-Carbon Nickel-Molybdenum-Chromium,
Low-Carbon Nickel-Molybdenum-Chromium-
Tantalum, Low-Carbon Nickel-Chromium-Molyb-
denum-Copper, and Low-Carbon Nickel-Chromium-
Molybdenum-Tungsten Alloy Rod

ASTM B575-17, Low-Carbon Nickel-Chromium-Molyb-
denum, Low-Carbon Nickel-Chromium-Molybdenum-
Copper, Low-Carbon Nickel-Chromium-Molybdenum-
Tantalum, Low-Carbon Nickel-Chromium-Molyb-
denum-Tungsten, and Low-Carbon Nickel-Molyb-
denum-Chromium Alloy Plate, Sheet, and Strip

ASTM B581-17, Nickel-Chromium-Iron-Molybdenum-
Copper Alloy Rod

ASTM B582-07 (2018), Nickel-Chromium-Iron-Molyb-
denum-Copper Alloy Plate, Sheet, and Strip

ASTM B599-20, Nickel-Iron-Chromium-Molybdenum-
Niobium Stabilized Alloy (UNS N08700) Plate, Sheet,
and Strip

ASTM B620-03 (2018), Nickel-Iron-Chromium-Molyb-
denum Alloy (UNS N08320) Plate, Sheet, and Strip

ASTM B621-02 (2016), Nickel-Iron-Chromium-Molyb-
denum Alloy (UNS N08320) Rod

ASTM B625-17, UNS N08925, UNS N08031, UNS N08034,
UNS N08932, UNS N08926, UNS N08354, UNS N08830,
and UNS R20033 Plate, Sheet, and Strip

ASTM B649-17, Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys
(UNS N08925, UNS N08031, UNS N08034, UNS
N08354, and UNS N08926), and Cr-Ni-Fe-N Low-
Carbon Alloy (UNS R20033) Bar and Wire, and Ni-
Cr-Fe-Mo-N Alloy (UNS N08936) Wire

ASTM B672-02 (2018), Nickel-Iron-Chromium-Molyb-
denum-Columbium Stabilized Alloy (UNS N08700)
Bar and Wire

ASTM B688-18 (R2004), Chromium-Nickel-Molybdenum-
[ron (UNS N08367) Plate, Sheet, and Strip

ASTM E29-13 (2019), Using Significant Digits in Test Data
to Determine Conformance with Specifications
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Table E-5 Dimensions of Class 2500 Flanged Fittings

-:—AA;-
*AA___ HH
HH O - A o=
< A> ’f‘,ﬁo L = X A
1 ighl AA
B | A HH
: N SR
AA ‘i _ | \ SA. ct | | i AA
HH Y Hp\ \ CE - + HH
+ II | | I Il | ] KK II | | I *
L.
Elbow 45-deg Elbow Tee
AA AA
i et
- A A > T
C - X A
Yy ¥ LL E
LT
i ! i AA
-] [- |} HH FF - F
b - Y MM
Cross 45-deg Lateral
1 2 3 4 5 6 7 8 9 10
Flange Edge
Short
Center-
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Minimum Inside Flange Edge, Center-to- Center- Edge, Edge-to-
Outside Minimum Wall Diameter Elbow, Tee, Flange Edge, to-Flange Lateral, Flange
Nominal Diameter Thickness Thickness of Cross, and 45-deg Edge, and Edge,
Pipe of of Flange, of Fitting, Fitting, True “Y,” Elbow, Lateral, True “Y,” Reducer,
Size Flange, O Ly t,, d A CE E F G
7 5.25 1.19 0.25 0.44 4.94
Ya 5.50 1.25 0.28 0.56 5.12
1 6.25 1.38 0.34 0.75 5.81 3.75
1Y, 7.25 1.50 0.44 1.00 6.62 4.00
1% 8.00 1.75 0.50 1.12 7.31 4.50
2 9.25 2.00 0.62 1.50 8.62 5.50 15.00 5.00 9.00
2% 10.50 2.25 0.75 1.88 9.75 6.00 17.00 5.50 10.00
3 12.00 2.62 0.88 2.25 11.12 7.00 19.50 6.50 11.25
4 14.00 3.00 1.09 2.88 13.00 8.25 22.75 7.50 13.00
5 16.50 3.62 1.34 3.62 15.38 9.75 27.00 9.00 15.25
6 19.00 4.25 1.59 4.38 17.75 11.25 31.00 10.25 17.50
8 21.75 5.00 2.06 5.75 19.88 12.50 35.00 11.50 20.00
10 26.50 6.50 2.59 7.25 24.75 15.75 43.00 14.50 25.00
12 30.00 7.25 3.03 8.62 27.75 17.50 49.00 16.00 28.50
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NONMANDATORY APPENDIX F
METHOD USED TO ESTABLISH SI UNIT VALUES

F-1 INTRODUCTION

The 2003 edition of ASME B16.5 contained dimensions
expressed in millimeters and pressure-temperature
ratings expressed in bar-Celsius, with U.S. Customary
values enclosed in parentheses or listed separately
from the SI values. This Appendix describes how the SI
unit values were established at that time, then subse-
quently modified for the 2020 edition.

F-2 S| VALUES FOR THE 2003 EDITION

The B16 Subcommittee C had two primary goals during
the development of the SI values shown in ASME B16.5-
2003.

(a) The dimensions expressed in millimeters should
reflect the needed precision as closely as possible.

(b) Flanges manufactured using existing forging dies
and machinery settings based on the inch dimensions
should be able to meet the requirements for the millimeter
dimensions.

F-2.1 Conversion From Fractional Inches

Before 1977, ASME B16.5 dimensions were expressed
mostly in fractional inches instead of decimal inches. For
the 1977 edition, the fractional-inch values were
converted to decimal-inch values. For example, % in.
was shown as 0.12 in. or 0.125 in., depending on the
intended precision of the dimension.

Also, in the 1977 edition, millimeter dimensions were
converted from the original fractional-inch dimensions
rather than the decimal-inch dimensions. For example,
1/15 in. (0.0625 in.) was converted to 1.6 mm and 0.06
in. wherever the intended precision was 0.01 in.
However, if one converts 0.06 in. to millimeters, one
gets 1.5 mm, not 1.6 mm. Thus, to a user converting
decimal inches to millimeters, some of the conversions
in the 2003 tables would appear to be incorrect.

In the 1977 edition, the dimension Y% in. was some-
times converted to the nearest 0.1 mm, sometimes to
the nearest 0.5 mm, and sometimes to the nearest 1
mm. The conversion depended on the intended precision
of the measurement. So, the millimeter equivalent for 0.06
in. was sometimes shown as 1.6 mm, sometimes as 1.5
mm, and sometimes as 2 mm.
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F-2.2 Toleranced Dimensions

Dimensions that ensure adequate fit-up and contribute
to the integrity of the pressurized flange joint require
tolerances. In the 2003 edition, these toleranced dimen-
sions were converted such that the millimeter dimensions
were essentially the same as the fractional-inch dimen-
sions, and the tolerances were selected such that the
permitted deviations from the tabulated dimensions
were nearly identical to those permitted by the inch
dimensions. Examples include the following:

(a) Bolt circle diameter was converted to the nearest
0.1 mm. This level of precision is needed to minimize prob-
lems with fit-up to other flanges, even though the toler-
ance on the dimension is 1.5 mm. Converting with less
precision may cause additional problems with centering
metal gaskets.

(b) Length through hub was converted to the nearest
1 mm. This dimension needs to be consistent to maintain
overall dimensions for fabricated spools. Maintaining this
dimension to the nearest whole millimeter provides the
needed precision.

F-2.3 Untoleranced Dimensions

Dimensions that do not contribute significantly to
proper fit-up or to the integrity of the pressurized
flanged joint do not require tolerances. The following
are examples of untoleranced dimensions and the philo-
sophies used to convert them to the millimeter dimen-
sions:

(a) A Ye-in.raised face was converted to 2 mm instead
of 1.6 mm. Raised faces measuring other than 2 mm meet
the requirements of the Standard. Conversion to the
nearest millimeter reflects the intended precision of
the dimension.

(b) Outside diameter of flanges was converted to the
nearest 5 mm. For example, for NPS ¥, Class 600 flange
outside diameter, 4% in. was converted to the nearest 5
mm (115 mm) instead of the nearest whole millimeter
(117 mm) or tenth millimeter (117.5 mm). Outside
diameters measuring other than 115 mm meet the re-
quirements of the Standard. Conversion to the nearest
5 mm reflects the intended precision of the dimension.

(c) Bolt hole diameters were kept in fractional inches.
Inch-dimension bolt holes were retained for flanges
manufactured to millimeter dimensions. Inch bolts
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should be used with these flanges. Extensive dimensional
compatibility studies were conducted to explore the possi-
bility of using millimeter- as well as inch-dimensioned
bolting with ASME B16.5 flanges. The studies revealed
that providing dimensions that allowed for the use of milli-
meter as well as inch-dimensioned bolts, especially when
combined with metal gaskets, was impossible. This
conclusion was supported by experience with some
flanges manufactured to the 1980 edition of ISO 7005-
1: Metallic flanges — Part 1: Steel flanges.

F-2.4 In Summary

The B16 Subcommittee C did not intentionally change
any of the requirements for dimensions in the 2003
edition of ASME B16.5. The dimensions expressed in milli-
meters reflected the needed precision as closely as
possible.

Flanges that were manufactured using existing forging
dies and machinery settings based on the inch dimensions
were able to meet the 2003 requirements for the milli-
meter dimensions. The acceptable dimension ranges
for toleranced dimensions were not precisely the same
in the two units of measure, but there was a significant
amount of overlap. Still, it was possible for a flange to meet
the requirements in one system of units and not in the
other.
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F-3 SI VALUES FOR THE 2020 EDITION

While the differences ininch and millimeter dimensions
between the two versions of the same flange did not result
in any known functional problem, the differences did
confuse manufacturers and users alike. For example,
since the precision of conversion of the flange outside
diameter was to the nearest 5 mm, there sometimes
was a difference of 2 mm to 3 mm between mating-
flange outside diameters. This introduced a practical
problem for users who welded attachments to mating
flanges, and it also created an appearance problem. Engi-
neers were confused when comparing inch and millimeter
dimensions in the tables when the dimensions didn't
match. They didn't know which dimension to use.

To address these problems, ASME B16.5-2020 features
millimeter dimensions that have been converted from the
decimal-inch dimensions rather than the fractional-inch
dimensions and the conversions are more precise. The
following are examples of changes in the 2020 edition:

(a) Outside diameters of flanges have been converted
to nearest 1 mm instead of the nearest 5 mm.

(b) Raised face heights have been converted from 0.06
in. to 1.5 mm and from 0.25 in. to 6.4 mm instead of from
0.06 in. to 2 mm and from 0.25 in. to 7 mm.

(c) Inch tolerances have been revised to more closely
match the millimeter tolerances.






